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A SIMPLIFIED APPROACH 
TO LOW HEIGHT DETERMINATION 


SUMMARY 


In this report a method of height determi- 
nation using ground reflected energy is analyzed 
and the results of relevant tests performed are 
reported and discussed. Tne approach considered 
differs from conventional radio altimetry in that 
time delay measurement is not employed. MThe 
Simplicity of required equipment suggests the 
likelihood of space, weight, and power consumption 
savings. 

As the primary result, it is shown that an 
Soctlllaver’s frequency May be rel atedy to the 
separation between its load antenna and a re- 
flecting surface toward which it is radiating. 
The resulting relationship iS periodic with the 


frequency alternately deviating positively and 








negatively about a center value. The center 
frequency occurs at quarter wave length intervals 
in antenna-to-reflecting surface separation. The 
heignt information available is less tnan that 
ootained from a conventional radio altimeter, but 
Lt may be useful in some applications. 

The content of this report consists of the 
thesis of a student in the Diploma course at the 


College of Aeronautics, Cranfield, England. 














a a = | 
- - 
7 —_ | 
= : | 
- : 
8 
“he 
— 
| - . 
; | | 
: 
S 7 
' 
., 
= 
} 
‘ 
” 
a 
* 








The College of Aeronautics 
Cranfield, England 


13 July 1962 


From: DLT Charles F. Gerhan, Jr., USN. 
TOs Superintendent, U. S. Naval Postgraduate 
School, hionterey, California. 


Subj: College of Aeronautics Thesis, Submission of 


1. In accordance with Naval Postgraduate School 
instructions for officers studying at other insti- 
tutions, two copies of the thesis prepared by this 
officer in connection with the Diploma course at the 
College of Aeronautics are submitted. The second 
copy was prepared for further transmittal to the 
Bureau of Naval Weapons as required. 


2. The work reported in this thesis entailed a com- 
bined theoretical and experimental investigation of 
the fundamental practicability of a method of height 
determination based on antenna admittance changes 
and frequency pulling. The work was performed with 
the facilities and guidance of the Department of 
Electrical and Control Engineering, College of Aero- 
nautics, Cranfield, England. 


53- The investigations indicated that such a method 
would be feasible in Situations where a requirement 
exists only for height error information from some 
predetermined level, rather than continuous height 
information. The investigations also showed the 
relative importance of several system parameters, 

and the report describes tne consideration which 
ought to be given these in a practical system design. 


4. After consideration of this thesis and the re- 
lated oral examination, as well as written examina- 
tions on the course undertaken, an assessment of two 
was made by the College Senate and the Diploma of 
the College of Aeronautics was awarded. 
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A SIMPLIFIB: APPROACH 
TO LOW HEIGHT DETERMINATION 


SUMMARY 


In this report a method of height determi- 
nation using ground reflected energy is analyzed 
and the results of relevant tests performed are 
reported and discussed. The apvoroach considered 
differs from conventional radio altimetry in that 
time delay measurement is not employed. The 
Simplicity of required equipment sugvests the 
likelihood of space, weight, and power consumption 
Savings. 

As the primary result, it is shown that an 
oscillator's frequency may be related to the 
separation between its load antenna and a re- 
flecting surface toward which it is radiating. 
The resulting relationship is periodic with the 


frequency alternately deviating positively and 
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negatively about a center value. The center 
frequency occurs at quarter wave length intervals 
in antenna-to-reflecting surface separation. The 
height information available is less than that 
obtained from a conventional radio altimeter, but 
it may be useful in some applications. 

The content of this report consists of the 
thesis of a student in the Diploma course at the 


College of Aeronautics, Cranfield, England. 





A SIMPLIFIED APPROACH 
TO LOW HEIGHT DETERMINATION 


INTRODUTTION 


Operators of airborne vehicles ordinarily 
ebtain height information by electronic means 
from a class of equipment called radio or radar 
altimeters (Ref. 1). Such devices, also known 
as absolute altimeters or terrain clearance indi- 
cators, provide a continuous indication of sepa- 
ration between the vehicle and the underlying 
terrain. The technique employed is measurement 
of time delay between radiated and reflected 
energy parcels, either by pulse or frequency 
modulation and comparison. Typical performance 
Specifications of such equipment include a range 
of operation from zero to 5000 feet with an 
accuracy of plus or minus three per cent but not 


less than one foot at low heights. Such equipment 





commonly consumes a power of two or three hundred 
watts and weizhs about forty pounds. Altimeters 
of this class have proved entirely satisfactory 
for general air navigation applications on 3ir- 
eraft large enouzh to support the physical re- 
guirements of the equipment. 

For some limited applications, such as the 
low height determination of a light airborne 
vehicle, it is likely that the conventional radio 
altimeter becomes inefficient, in that it is 
capable of supolying more information than is 
needed, and does so at the expense of a relatively 
large requirement in space, weight, and power 
consumption. The simplified approach to low 
height determination investigated in this thesis 
iS an attempt to extract a limited, but for 
certain applications sufficient, amount of height 
information from a simpler device. As mentioned, 
the usual radio altimeter utilizes reflected 
energy for time delay measurement. The approach 
considered here uses the dependence of antenna 
input impedance upon this ground reflected 
energy. Resulting impedance changes appear as 


load changes to the radio-frequency generator 


1 tf 





employed in the system. Such load changes in 
turn affect the frequency of the generator, so 
that the frequency provides an analog to the 
vehicle height above ground. since only an 
oscillator, an antenna, a frequency discriminator 
and connecting cable are required, it is felt 
that the vossibility of space, weight, and power 
savings is present. 

The scope of this work includes an analysis 
of the phenomena involved and tests of an exper- 
imental apparatus employing these principles. 
The tests conducted were fundamental, since no 
previous work on a system employing these prin- 
ciples was found. 

There were two underlying purposes of the 
investigations conducted in connection with this 
thesis. The first purpose was to determine the 
extent to whicn the results obtained by a prac- 
tical application of this approach to low height 
determination differed from the form of results 
predicted by the theoretical considerations 
which are to be discussed. This would include 
the observation of discrepancies due either to 


primary effects not considered or higher order 
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effects which were ignored in the analysis. The 
second purpose was to gain some familiarity with 
practical consideritions relatinzs to the design 
Of Such a system for operational use. 

The work was conducted as a Diploma student's 
thesis in the Department of Electrical and Control 
Bnzineering, The Solleze of Aeronautics, 


Cranfield, England. 
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TAP LE OF SYMBOLS 


Capacitor dise area, square inenes. 
Depth of rectangular section transmission 
line; meters. 

Susceptance normalized to 50 millimhos. 
Susceptance; mhos (imaginary part of y). 
capacitance; faracs. 

Velocity of propagation in air; approxi- 
mately 3 x 10° meters per second. 
Velocity of propagation in cable; meters 
per second. 

Japacitor plate separation; inches. 
Reciprocal rate of change of electrical 
phase on feeder line with frequency; 
mezacycles per second per radian. 

Rate of change of oscillator frequency 
with electrical phase of load; megacycles 
per second per radian. 

Voltage measured between accessible 
terminals; volts. 

Frequency; cycles per second. 
Conductance normalized to 50 millimhos. 


Conductance; mhos (real part of y). 
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See 


Height above ground; inches. 

Height above ground; fractional wave 
lengths. 

Uurrent 10 2 "Ci veut, amperes. 

square root of -l. 

Inductance; henries. 

Lensth of cable; meters. 

Resistance; ohms (real part of 2). 
Reactance; ohms (imaginary part of z). 
Admittance normalized to 50 millimhos. 
Admittance; mhos. 

Characteristic admittance of 
transmission line; mhos. 

Impedance; ohms. 

Characteristic impedance of 
transmission line; ohms. 

Line attenuation constant; nepers per 
meter. 

Panite amerement 1n prerixco quantity. 
Relative permittivity. 

Wave length in air; meters. 

Wave length in cable; meters. 


Permeability; henries per meter. 
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Voltage standing wave ratio; 


voltage minimum , o< e a. 


voltazse maximum 

CONCUCTIVity; mhaos per meter. 
Blectrical phase anzle of standing 
wave pattern along feeder cable; 
referred to zero at oscillator 
terminals, positive sense toward 
oscillator; radians (7 radians per 


half wave length). 


SUBSCRIPTS 


Load parameters. Conditions at input 
end of short circuited transmission 
eA ENe 

Denotes particular ports in linear 


two-port analysis. 





THEORY 


This approach to low height determination 
entails a means of relating height changes to the 
oscillating frequency of a radio-frequency gener-= 
ator whose energy is directed toward tne ground. 
Two discrete phenomena are involved. First, 
because of any changes in the distance to the 
ground, the phase and magnitude of reflected 
energy returned to the antenna varies, causing 
a periodic change of antenna input impedance or 
admittance as a function of height. Second, the 
impedance or admittance of a load driven by an 
oscillator determines, to an extent dependent 
upon the coupling, the parameters of the oscil- 
lating circuit and its frequency. Changes in 
that load will cause the oscillator frequency to 
shift (to be "pulled") by some amount depending 
on the amount of the loid admittance change and 
the coupling. These phenomena are linked and 
made compatiole with the desired height-frequency 
relationship by means of the length of feeder 
cable connecting the oscillator to the antenna. 


To achieve a fundamental insight into the 





periodic change of an antenna's admittance over 
the ground as its height changes, the ideal case 
of the infinitely thin half wave dipole over a 
perfectly conducting plane reflecting surface 
will be considered. Changes of admittance rather 
than of impedance are chosen so that some com-— 
parison with experimental results will be possible, 
Since the equipment used made admittance meas- 
urements more convenient. In the experimental 
system investigated, ideal elements were, of 
course, not employed. The actual antenna used 
was not a thin dipole for reasons of experimental 
flexibility, and the real earth was used as a 
Pemvectings surface in order to make predictions 
about the operational practicability of such a 
system. 

The behavior of the infinitely thin half 
wave dipole antenna in the vicinity of a per- 
fectly conducting plane reflecting surface can be 
determined by considering the equivalent system 
of the same antenna and its image in free space 
(Ref. 2). The image must be oriented so as to 
satisfy the boundary condition requiring a 


vanishing tangential electric vector component 
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at the reflecting surface. This is achieved in 
the case of the horizontal dipole by an image 
dipole of equal length and orientation, displaced 
from the original antenna by twice the height 
above the reflecting plane and carrying an oppo- 
Sitely directed and equal current distribution. 
This arrangement is shown in Pig. 1. In the 

case where the real earth is the reflecting sur- 
face, an image system can still be valid, pro- 
viding an appropriate change in the image 

antenna current distribution 1S made to account 
mom neS-aomatlanee of the earthwee@hne further 
development of ideal antenna input admittance 
changes as a function of heizgnt involves the 
derivation and computation of expressions for 

the mutual admittance between the image and real 
antennas as a function of distance between 

them (2n). The results are periodic variations 
of the real (conductive) and imaginary (susceptive) 
parts of antenna input admittance as functions 

of height with amplitudes and phases as shown in 
Fige cd. A more complete development is presented 
in Appendix I. 


fine dependence of oscillator treamency upon 
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load and coupling is explained in basic references 
on electronics (Ref. 3). In Appencix II the 
particular case of a tuned circuit with capace 
itor coupled complex load as used in these exper- 
iMments iS discussed. The relationship can be 
shown graphically in the form of a Rieke diagram 
for any particular oscillator and coupling com- 
bination. In such a presentation, contours of 
constant frequency and power output appear as 
functions of load for 211 possible combinations 
of complex load admittance. A number of such 
diagrams 3re presented in the results of this 
investigation for the particular oscillator 
employed. 

Two main considerations dictate the choice 
of feeder length. The antenna in free space 
will have some definite value of input admittance 
depending on the geometry of the antenna, the 
driving frequency, and the characteristic admit- 
mance Of the feeder transmission Line. There 
will in general be a standing wave pattern on 
the line. Admittance then varies periodically 
along the line depending upon the point at which 


measurement iS made, but repeating its values at 
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half wave length intervals. MThus the feeder must 
be cut to some integral number of half wave 
lengths plus that fraction of a half wave length 
determined by the difference between the antenna 
free space admittance at operating frequency and 
the admittance required at the oscillator termi- 
nals to produce that operating frequency according 
to the Rieke diagram. The integral number of half 
wave lengths of feeder used are chosen based on a 
different consideration. There is a mutually 
repetitive relation between electrical feeder 
meneth and frequency in this system, since any 
perturbation in frequency will cause a change of 
electrical feeder length resulting in a different 
admittance at the oscillator, hence a further 
Gnanse in frequency. Whether this is stable or 
not depends on the rate of chan-re of oscillator 
frequency with electrical ohase of the load pre- 
sented to its terminals as compared with the 
reciprocal rite of chanze of electrical phase 

on the line with frequency (Ref. 4). Fig. 3a 
Snows the case where the combination is stable, 
as well as tne effect of a change in load due to 


movement of the antenna to a new heizsht above 
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the ground. Fig. 36 shows the unstable case in 
which the line is so long that splitting or 
jumping between two preferential frequencies 
occurs. Since electrical phase on a transmission 


line is given by: 


_ au ari (1) 
cable 


une Yate of change of phase with irequency is 


ag 211 
= <i. (2) 
dt line “cable 


This is directly dependent on the physical Length 
Of cable. For maximum pulling effect without 
splitting, it is desirable to choose an integral 
number of half wave lengths to give a slope, 


al » JUuSt Breater than that of the oscillator 
line 


pulling curve at the operating frequency, as in 
hie. 35a. 

Thus it can be predicted that the result of 
coupling the antenna, which is a heizsht-to-. 
admittance transducer, to the oscillator, which 
is an admittance-to-frequency transducer, 


through the properly selected feeder, which is 


| 





an admittance chansze multinlier, will be a fre- 
quency shift directly related to height changes. 
TALS, iG LSeceepected, witi be tne key Go providing 
usetul height information in a simplified, 


reliable manner. 
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APPARATUS 


The equipment involved in this investigation 
consisted of the compouents of the experimental 
system being examined, the test apparatus re- 
quired for determining frequency and admittance, 
an infinitely variable test load, and the arrange- 
ments necessary for supporting the antenna over 
the ground at various heights. 

The antenna was chosen to permit maximum 
imgexibilityemeoscillator charaeGeristics, and 
wembe sutficiently directive thatethe effect of 
nearby surfaces other than the ground directly 
under it would be kept small. <A partially com- 
pleted suppressed antenna with resonating box was 
made available from a Swift aircraft being 
scrapped locally. This antenna was known to 
have been designed for the frequencies in the 
neighborhood of 200 megacycles, a band which was 
desirable from the point of view of having a 
height range between zero and two or three wave 
lengths akove the ground available conveniently. 
Construction of the center element and feed 


point and mounting in a ground plane were necessary 
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to complete the antenna. The desired result was 
to obtain a wide r2nge of operating standing wave 
ratios over a band tunable by a single reasonably 
stable oscillator. Thus to match a given oscil- 
lator characteristic, a wide range of height 
related phase changes would ve available depending 
upon the operating frequency selected. For con- 
venience in matching with test equipment, a 
feeder characteristic impedance of 50 ohms was 
desirable. The lead between the tap point to the 
active elements and the cable connector ws 
therefore made with Uniradio 67 cable, a 52 ohm 
line. The tap point and center element width 
were selected arbitrarily, with later modifica-= 
tions envisaged if required to obtain the desired 
characteristics. Fig. 4 shows the inside of the 
resonating box and the back of the antenna with 
the box cover removed. Fig. 5 illustrates the 
radiating side of the antenna. 

The oscillator was designed based upon a 
Mullard QQV 03-20A twin tetrode tube which was 
known to be capable of reasonably good power 
output in the frequency band considered. Push 


pull operation with tuned anode and tuned grid 
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Lecher lines was employed. Provisions were made 
for tuning by effectively lengthening the lines 
with adjustable pirallel capacitance or shortening 
them with movable shorting bars. Unbalanced 
coupling to the load was made through an adjust- 
able capacitor connected to one side of the anode 
line near the tube anode pin, that being approxi- 
mately a voltage maximum. A coupling probe was 
used to obtain a fixed loose coupling as a pick- 
off for frequency measurements. The tube elec- 
trodes were all kept in a floating RF condition 
by the use of hand wound chokes. A sSeparite 
regulated laboratory power supply was used for 
the filament and anode voltages so that the anode 
voltage could be varied as desired to alter the 
level of power output. Grid bias was controlled 
by a potentiometer and 20 pf. capacitor in 
Ppometiel im the grid circuit. Computations in- 
volved in the oscillator design are shown in 
Appendix III. Since the chosen tube was designed 
23 a neutralized amplifier, and not as an oscil- 
lator, it was found necessary to increase the 
anode to grid feedback by crossover capacitive 


Comnections invorder to obtain surticientiy 
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reliable oscillations. This was the main reason 
for the adjustable shorts on the lines. The 
original design provided for capacitive tuning 
over the entire desired frequency range. The 
added feedback capacitance effectively lengthened 
toe lines, requirins tne introduction of snorting 
bars to compensate. The oscillator is shown in 
schematic diagram in Pig. 6 and in 2 photograph 


ee 
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The feeder used was Uniradio 67, a 52 ohm 
coaxial line with a seven strand, .029 inch 
copper inner conductor. Since the dielectric 
constant was not known, preliminary impedance 
measurements of a fixed snort circuited length 
were made at several frequencies, giving a rela- 
tive dielectric constant of 2.26. This suggests 
that the cable was polyethylene filled, an obser- 
vation substantiated by inspection. 

\ block diagram of the arrangement and 
electrical relationship of the components of the 
system tested is presented as Fig. 8 It is seen 
that an unspecified freyuency indicator forms an 
inherent part of the system. In an operational 


system this function would be performed by a form 








of discriminator, probvably havinz a D.v. output 
analogous to the antenna heizsht changes. 

For experimental frequency and relative power 
measurements an Airmec Type 248 Iave Analyser wis 
connected to the loosely coupled probe on the 
oscillator. The Wave Analyser is a highly selec- 
tive superheterodyne receiver with both audible 
and meter output level indications. The latter 
is calibrated and incorporites adjustable atten- 
uators, so that an output level range of 0-77 
decibels is measurable with a sensitivity of plus 
Smeminus 1.5 decibels. The receiver is tunable 
so that by previously calibrating the logging 
scale, frequencies between 19¢ and 224 megacycles 
may be read with an accuracy of plus or minus one 
logging scale division. This was equivalent to 
plus or minus 40 kilocycles in the frequency 
range considered, or readings accurate to the 
Mieerest tenth of a megacycle. The doseins seale 
was calibrated against signals from an Airmec 
signal Senerator. Signals were taken only at the 
cryStal check points on the Signal Generator. 
These were spaced at eight megacycle intervals in 


this frequency range. Plotting these frequencies 
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asainst logging scale readings on the wave 
Analyser produced the linewzr relation shown in 
Fig. 9. Hence lineir interoolation was assumed 
possible. 

Admittance measurements were made using the 
General Radio Type 1602 Admittance Meter, an 
extremely versatile and useful piece of equipment. 
Fundamentally this meter connects the unknown 
load in parallel with a 20 millimho standard con- 
ductance and a standard susceptance consisting of 
an adjustable calibrated stub. The use of a stub 
as a susceptance standard makes the meter's per- 
formance independent of frequency. Variable 
loops couple each of the arms in parallel into a 
detector arm. The couplings are adjusted until a 
null is detected, and the positions of the 
coupling loops are calibrated directly in millimhos 
aagmittance. To permit this direct calibration, 
all the equipment associated with the meter is of 
50 ohm characteristic impedance (20 millimhos 
admittance). This was the reason for choosing the 
52 ohm feeder as previously described. Ancillary 
equipment includes two butterfly type unit oscil- 


lators, one used as a generator, the other as 
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local oscillator in the detector circuit; a 
erystal detector and 45 mesacycle I... amplifier 
(Sanders type I.F.3, serial 003) having meter 
output level indication. Also several fixed 
and adjustable 50 ohm air lines and stubs, short 
and open circuit terminations, and numerous conm-= 
patible General Radio connectors were provided 
with the equipment and used in connection with 
tTniese tests. 

In determining the oscillator characteristics 
a standard, frequency independent, infinitely 
variable complex load was required. This was 
obtained by the parallel connection of a standard 
2Q millimho conductance and an adjustable 20 
miliimho characteristic admittance short cir- 
cuited stub, the combination fed by an adjustable 
Seeuion of 2O millimho air line. In terms of 
Head pOSition on the Smith Chart, the locus of 
the admittance referred to this parallel connec- 
Puen was a circle coincident with the unity 
normalized conductance circle. Adjustment of the 
stub produced any desired point on this circle, 
thereby fixing the standing wave ratio. Adjust- 


ment of the feed line length then determined the 


pe 


phase position of the load on the standing wave 
circle of constant radius passing through the 
point set on the first circle. Thus the stub 
setting determined standing wave ratio, and the 
line length set the phase of the load, giving in 
combination any desired value of complex load. 
This adjustable load connected to the General 
Radio Admittance Meter is shown in Fig. 10. 

The antenna was suspended from a wooden 
beam constructed by the Works Department of the 
College. The beam was approximately 14 feet 
above ground level. Suspension was by means of 
polyvinyl chloride covered sisal line passing 
over a fiber pulley. Metallic components were 
avoided wherever possible in the suspension rig. 
The suspension line was calibrated directly in 
inches of the antenna radiating face above the 
solid earth surface, a calibration which was re- 
checked at each test to ensure that no line 
stretch or beam vending had occurred. The only 
obstacle other than the reflecting earth in the 
near vicinity was the building wall (clay brick) 
which was at constant distance from the antenna 


of 12.5 feet, always greater than the antenna- 











ground distance except at the two extreme height 
points tested. The earth was level packed moist 
soil with an even growth of grass at a dormant 
winter heizht of 1.5 inches. The antenna and 
Support are shown in Fiz. 1l viewed from the 
sround. In Fig. 12 is the supoorted antenna as 
seen from above. For one test a group of five 
bundles of stake fence pickets, each stake meas-— 
uring about 1.5 inches in diameter and averaging 
50.5 inches in height, was placed in the area 
under the antenna, as shown in Fig. 13, to pro- 
vide a disruptive reflecting surface. The 
pickets were joined together by baling wire at 
one-third and two-thirds their heights to make 


five discrete bundles wnen rolled. 
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BAPSRIVENTAL PROCEPUTE 


Tests vere first made on the components 
alone, the oscillator and the antenna, to deter- 
mine their individual characteristics. knowing 
teese, the required Lenzth of feeder was then 
calculated and the system performance 2s a 
whole investigated. 

Using the previously described variable 
complex load, the Rieke diagram of the oscillator 
under several different conditions was obtained. 
Frequency and relative power under the various 
conditions of load were measured on the Airmec 
Wave Analyser. Since the actual value of the 
load depended on its physical configuration and 
its freguency, the configuration was noted for 
each reading and the actual value of the load in 
conductance and susceptance Later determined at 
the appropriate frequency on the admittance meter. 
The value of the load was not very sensitive to 
trequency changes of the order obtained in 
teecins this oscillator. The effect ™ommeouplinge 
changes was investigated oy obtaining the Rieke 


diagram is above for three different settings of 
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the covplinz capacitor. The effect of tuning the 
oscillator was similarly determined by tuning for 
several different center freguencies (at matched 
lied. conditions, Y = 1 + 30) and obtaining Rieke 
diagrams at each. It was decided to operate the 
oscillator near the minimum anode voltize which 
would permit stable operation. In this way any 
adverse effect of low power output could be noted. 
Further, if it were liter desired to use a short 
length of feeder requiring mounting the oscillator 
at the antenna and operating it with battery power, 
low anode voltage would be advantageous. MThere- 
fore an anode level of 120 volts was chosen. 

With the intention of later comparing this 
oscillator's performance with that of some com- 
mercial product, the Rieke diazram pulling char- 
Sereristics of one of the General sRadio unit 
oscillators (serial number 1677) were also deter- 
mined in the same manner. 

In testing the antenna, it was first necessary 
to determine its characteristics in something 
resembling free space conditions. A wooden 
floored scaffolding which was in place outside the 


window in connection with erecting the antenna 


/ 








support beam wis used for this purpose. The 
antenna was placed on the wooden flooring with 
its radiating face directed outward and upward 
from the building and scaffolding. The nearest 
obstacles were trees and buildings, 30 degrees 
offset from the normal to the antenna's radiating 
face and at least 100 yards distant. The antenna 
admittance was measured at five megacycle inter- 
vals from 180 to 240 mezacycles using the adcmit- 
tance meter. The total line length, including 
feeder and adjustable air line was first set to 
an integral number of half wave lengths as 
established by repeating a known termination at 
toe meter. in this way the antenna's measured 
admittance was referred to a point at the cable 
G@emnector. 

Knowing the test oscillator's pulling 
characteristics from the preceding tests and the 
range of standing wave ratios which the antenna 
was able to present from the free space tests, 
feeder line length calculations were made. The 
antenna admittance over the ground as a function 
of height was then measured at three inch inter- 


vals and a frequency of 212.5 megacycles. This 
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frequency corresponded to a VSWR which ws 
expected to give the desirable pulling effect 
without unstable oscillator operation as deter- 
mined by the line length calculations. These 
calculations are presented in Appendix IV. 

Minor line length corrections were made to 
present the desired admittance to the oscillator 
terminals according to the admittance meter. fMThe 
amount of standing wave ratio improvement at the 
inout due to line attenuation was noted. The 
oscillator and antenna were then connected by 
means of the feeder (and the short length of 
adjustable line which was allowed for in the cal- 
culation). The oscillator was tuned with the 
emypenna at a height of 124 inches, or 2.235 d, 
giving, according to the earlier tests of admit- 
tance, the asymptotic free space admittance in 
a region where fluctuations due to height change 
were a minimum. The tests of frequency as a 
function of heizht were then conducted, using the 
Airmec Wave Analyser for frequency indications. 
These were repeated for verification on separate 
days, and were made under low wind conditions 


wnen antenna motion was the least. Further 
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Similar tests were made at an operating point 

ba | ; af . 
Ziving negative “al 050% at half power output 
(with reduced anode voltage); over the disruptive 
reflecting surface (stakes); and with the General 
Radio oscillator. No peculiarities of the 


procedure employed were expected to affect the 


PelLability of the results obtained. 








RESULTS AND DISCUSIIONS 


The behavior of the antenna in "free space" 
tests in its initially completed form is shown 
as a curve representing admittance referred to 
the tap point as a function of frequency on 
Smith chart coordinates in Fig. 14. Results from 
which this figure was drawn are presented in 
fable I. The admittance with reference to the 
tap point was obtained from that measured with 
reference to the cable connector by correction 
meme tne electrical length of feeder inside the 
antenna's resonating box between the two points. 
This was determined experimentally at one fre- 
quency. The antenna tap point was short circuited 
and the admittance at the meter was then measured 
with an integral number of half wave lengths of 
feeder inserted between the meter and the cable 
connector. The electrical length of cable between 
this admittance and the infinite admittance of the 
Short circuit was next read directly from the 
smith chart and corrected proportionately for 
operation at each of the other frequencies tested. 


ine anbvenns pertormance, accordinz 10 Pie. aa 
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appeared satisfactory for the purposes of this 
experiment. Operation over a wide range of 
standing wave ratio within a physically useful 
frequency bandwidth was observed, including values 
of Yann from 0.2 to 0.8 for frequencies between 
202 and 234 megacycles. 

From inspection of Pig. 14 it was possible 
to select operating points presenting a range of 
voltage standing wave ratios to the oscillator. 
Becordingiy a set of representative antenna Youn’ s 
of 0.3, 0.5, and O.7 was chosen. These were, 
from Fig. 14, equivalent to operating frequencies 
of 207, 210, and 212.5 megacycles respectively. 
The oscillator was tuned to each of these center 
frequencies in turn with a matched load connected, 
and the Rieke diagram, or pertinent part thereof, 
was obtained as previously described. The effect 
of coupling variation was also examined at the 
center frequency of 210 megacycles by obtaining 
the frequency contours of tne Rieke diagram at 
three discrete settings of the coupling capacitor. 
For all other tests the mid-setting of one turn 
open was used for this capacitor. Results of the 


pulling test are listed in Tables II, III, and IV 


#? 








and presented 15 Rieke diazr.ms in Figs. 15, 16, 
and 17. 

The effect of viriable couplinz, which was 
considered in the tests to wnich Fiz. 16 applies, 
Vase primariiv 2. POtAtTLON Of Ine. eGniiresdiacram 
d@e to tne effective alteration of line leneth to 
the load as more or less capacitance was added. 
Within the range of capacitance chanze available 
the effect of reduced coupling on stability may 
“peo be observed. The frequency contours are more 
widely spaced at lower values of coupling. Power 
contours and experimental points are omitted from 
fee. 16 to improve clarity. 

Fig. 17 is drawn on a larger scale Smith 
@ewey Since, at the frequency considered, only 
the higher standing wave ratios are possible with 
the intended antenna load. A comparison of Figs. 
15, 16, and 17 shows that tuning this oscillator 
@verethe band of frequencies considered has dattile 
effect on the shape of the Rieke diagram contours 
and the oscillator's pulling characteristics. 

An analysis of the pulling characteristics 
in order to determine feeder length and operating 


point for the complete system was next carried 
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out. A grayh of the form of Fiz. 3 was obtained 
from the information contained in the Rieke dia-— 
Srams. This gravh, apfropriate to the center 
imemeencies or Pios, 15, 16,.and 1/7, 24s presented 
yom. 166. 10 1S seen thit the form -of tne 
mmge On 1S the periodic variation of frequency 
With phase at tne oscillator. The amplitude of 
tas function is dependent upon the voltage 
Standing wave ratio. It 1s apparent that the 
meeater frequency shift is obtained with the 
smaller VSWR. The shift must not, however, be 
great enough to permit unstable operation 
(splitting) with the shortest physically useful 
cable length. For the case of the VSWR of 0.3, 
the rate of change of frequency with phase, 


sf] meat thesoseillaver is 5./ megdeveltes sper 
osc 


felon avbethe center frequency, limiting the line 
Demetn to about 5.5 meters. Since it was desired 
ten tootvall the antenna at the end of the support 
rig provided, and to retain the oscillator on the 
test bench, this length proved unsatisfactory. 

The sime was true at the operating point where the 
VSWR was 0.5. Sonsequently the high frequency 


operating point was selected. 
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The chosen point provided an antenna VSWR of 
On / ab ei redquency.01 21255 mesacyc leg. .iae 
oscillator pulling slope was 2.5 megacycles per 
radian. ‘The feeder line length appropriate to 
tyese conditions was calculated as illustrated in 
Appendix IV. The exact length of feeder was 
meee subject to alteration by including a section 
of adjustable air line in the feeder calculations. 
Poke permitted adjustment of the operating 
Gemeaitions at will. 

Antenna admittance over the ground at the 
chosen operating frequency was next investigated. 
Since the use intended for this phenomenon was 
Giempulling of the oscillator, it was decided 
to refer this admittance to the oscillator output 
connector. This was expected to permit direct 
correlation with the frequency-height relation 
to be obtained later. Furthermore, comparison 
between these tests and the oscillator Rieke 
diagrams was possible, since both were referred 
to the same datum. This datum was established in 
the equipment by adjusting the feeder length to 
obtain the desired operating admittance shown 


in Fig. 17 at the generator end with the antenna 








in free space conditions. 

The results of the admittance measurements 
over the ground are indicated in Table V and 
plotted in conductive and susceptive components 
in Fig. 19. From this plot the graph of Fig. 20 
showing the same relationship on Smith chart 
coordinates was constructed. 

A comparison of Figs. 2 and 19 shows that 
the result predicted by theory for a thin half 
wave dipole over a plane reflecting surface was 
closely realized in the case of this practical 
directive antenna over the real earth. Similar 
admittance-height functions, periodic with 
quarter wave length intervals, and having de- 
creasing amplitudes with height, apply to both 
cases. It was therefore concluded that the 
experimental arrangements were sufficiently free 
from spurious effects to permit a meaningful 
test of the expected frequency-height relationship. 

This work completed the examination of the 
performance of each of the components which were 
to make up the system. No significant deviations 
from the expected characteristics had been 


observed. The remainder of the experimentation 
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dealt, therefore, with tests of the operation and 
performance of the assembled system. It should 
Resotaved 4b CALS *polmt- tna. the term “system 
refers only to the skeleton laboratory arrange- 
ments made for examininz the validity of this 
approach to low height determination. In par- 
ticular the oscillator employed was in no sense 
capable of operational installation. Further, 
the reading of frequency was done on bulky labo- 
ratory equipment, omitting the desirable step of 
employing 2 discriminator to produce a more 
useful D. >. output as a heisht chance analog. 

The equipment was first connected to produce 
operation at the desired frequency and load 
impedance, as described in the Procedure section. 
The VSWR at the oscillator was somewhat better 
than that predicted by the antenna characteristics 
in Fig. 14 because of line attenuation. This 
improvemerit in VsWR made the oscillator slizhtly 
more stable and could have been used to permit a 
longer feeder installation if necessary. It was 
felt that the change was small enouzh to leave 
the pulling characteristic substantially 


unaffected. 





The readinzs obtained for frequency as 4 
function of nei tht in this confi uration and in 
others described below are presented in Table VI. 
Pig. 21 indicates graonically the result obtained 
in this primary operating configuration. MThe 
expected result w3s obtained, in that a periodic 
deviation of frequency about the center tuned 
value occurred. The amplitude of the swing 
G@eereased with neweaht, approachime the center 
tuned frequency, corresponding to free space 
Gonditions, asymptotically. 

It is of interest to compare the observed 
hei zht-frequency relation with the height- 
admittance relation measured on the antenna alone. 
Poe relevant figures are Figs. 19 and 2l. It is 
seen that the susceptive part of admittance 
ememces and the height-frequency curve correspond 
directly in periodicity and zero deviation heights 
(from free space and center frequency conditions). 
A comparison of Figs. 17 ind 20 indicates more 
clearly the reason for this correspondence. The 
maximum pulling of frequency occurs at those 
heights corresponding to the sreatest phase angle 


displacement of the admittaiuce spiral from the 





oscillator's center frequency contour. 4ero 
meejuency Cevistiom occurs for coincidence of the 
aay tiance spiral 2ané “the center frejguency con- 
ter. In this particular case the frequency 
contours and susceptance lines on the Smith chart 
amemner3rly parallel in the operating region. The 
conductance lines are nearly orthogonal to the 
frequency contours. Therefore the susceptance-— 
herent and frequency—-heitht relations coincide 
when the former is referred to the oscillator 
terminals. The conductance-height relation is, 
as seen in Pigs. 19, nearly 90 degrees out of 
Pesce With the frequency-hei@hnt curve of Pik. cl. 
imeecencral it is neither input condguctance nor 
input susceptance wnich determines the frequency- 
height relation. It is antenna input admittance 
taken as a whole and, in particular, that gener- 
ally undefined component of admittance referred 
to the oscillator and having changes perpendicular 
to the pulling contours which determines the 
frequency chanztes corresponding to heisht. 

It is felt that results are less valid near 
the tov of the test ranze due to relative prox- 


imity of the buildinz. Tne function passed 
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through center frejyuency 3at approximately quarter 
wave length intervals above tne sround. Tne 
shape of the function was dictated largely by 
the pulling characteristic of the oscillator. It 
was by no means sinusoidal because of the con- 
eagty Of the oscillator frequency contomes 
toward the low frequency side of the center value. 
Hous the output of such 2 systempaappears to be 
more useful (possibly exclusively useful) at the 
Semwter irequency points.” Whether these occur at 
small enough intervals to provide a reasonable 
@ou2 rate depends upon the desired application. 
The above results were found to be repeatable on 
feeecrent days to within the accuracy of plotting 
ieeweats in the form of Fig. 21. 

In order to obtain a high-low indication oe 
predetermined sense from a characteristic such 
as Fie. 21, it would be possible to consider only 
mueeernave center frequency points. In such a 
goose particular sense of frequency seviption 
would have a particular sense of heizht deviation. 
It is of interest to consider the height errors 
produced by the experimental system examined 


here for the several center frequency points 





uy 





encounter2d. Table VII presents this information. 
For a set of center freguencies corresponding to 
positive-zoing "on hei zht" frequency readings, 

the magnitude and percentage errors are given in 
columns 2, 3, and 4. The lowest height of the 

set corresponding to center frequency is taken 4s 
correct because, having the greatest frequency 
swing, it presents the least probable height un- 
Certainty. Similarly, columns 5, 6, and 7 present 
the same information for a set of negative-going 
Bou neight" center frequencies. 

Tests of the frequency-heisght relationship 
were made in several different operating condi- 
teens. A fifty per cent reduction in power output 
was made by lowering the anode voltage of the 
oscillator until the Wave Analyser indicated 
three decibels less relative power. The result is 
mescnted in Pig. ¢2. The general shape of the 
function remains as in Fig. 21 with an amplitude 
of swing only very slightly less. Center fre- 
quency points are altered by less than 0.02 wave 
lengths. The Rieke diagram of the oscillator at 
the new anode voltage was examined and found to 


have small changes in shape compared with Fis. 17. 
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The slient-ditfterences in this characteristic 
account for the small changes in center frequency 
which are present in Pig. 22. In general the 
equipment seemed relatively insensitive to small 
power changes because of the above results ob- 
tained at a power change of fifty per cent and 
the repeatability of all tests performed. 

The system was reset to operate at an 
oscillator-referred load admittance diametrically 
opposite in Fig. 17 to that of the first test. 


In this condition the value ot of was approx- 
osc 


i@emeely the negative of that normally chosen. 
Stability of operation remains the same, but the 
effect of electrical feeder length change is to 
Oppose the phase change due to the antenna 
admittance varying with height over the ground. 
The result of the test was as shown in Fig. 23. 
Power output was the same as for normal operation 
in Fig. 2l. <A comparison indicates that the 
epecved reduced pulling occurred. ‘The desirae 
bility of selecting an operating point in which 
the feeder length effect is utilized is thus shown. 
The final test of the experimental system was 


made over a disruvtive reflecting surface 
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coasisting of five bundles of wooden fence stakes 
of various cut lengths averaging about 50.5 
inches. The result is presented as Fig. 24. It 
may be described as a repeat of Fig. 21 but with 
a zero heizht level at a virtual height of 49.9 
inches (0.9 wave lengths) indicating that the 
Ptakes appészred as nearly a plane reflector. ‘The 
Shape of the function appe:irs markedly more like 
a damped sinusoid than does thit of Fig. 21. This 
suszests that propagation considerations in this 
Meemance may haye balanced the irregularity 
introduced by the oscillator pulling characteristic 
Shape. 

4s a further consideration it was desired to 
demonstrate the si:znificance of the oscillator 
pulling characteristic in the operation of the 
system. One of the fenerizl Radio butterfly type 
unit oscillators was tested at a particular 
setting of its variable covpling loop. The Rieke 
diagram obtained is shown in Fiz. 25. Operation 
in the vicinity of the converzence of frequency 
contours was difficult, and tne choice of that 
rezion for system operation was felt to be unwise 


due to instability and low sower output. In 





ow 
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other Parts-of the Gldazram the oscillatory was 
seen to be less susceptible to pulling than the 
experimental line oscillator used in this thesis. 
Frequency-heizht tests were made at positive 
Slope operating points as indicated in Fiz. 25 
(VSWR of 0.2, 0.3) where the greatest value of 


=| possible was anticipated. No readable 
ose 


frequency chanze was obtained over the entire 
height range from 0.2 to 2.3 wave lengths. The 
importance of having an oscillator with fairly 
closely spaced frequency contours (the result of 


tight load coupling) is indicated. 








YoTat CAT TART adie AND VELL ATICN 


As a result of the tests and analysis per- 
formed in this approach to low heizht determi- 
nation, certain stitements may be made regarding 
the practical realization of such a systen. 

4n early consideration in system design is 
mae choice of frequency. The amout of reflected 
enerzy returned to the antenna relative to the 
amount which is radiated appears to limit the 
useful heizht range of the system. Within such 
a heigsht envelope, the number of useful center 
frequency voints varies directly with the fre- 
quency of operation, since these occur at quarter 
wave length intervals. Center frejuency “on 
heizht" points do not define specific heiszhts; 
hence they are ambiguous without furtner refine- 
Memes. Procedures such as counting down from 
some known point determined by another height 
Semeans input, or correlating the amplitude of 
the frequency shift to the known frequency-hei tht 
function of the system are possible methods of 
resolving the ambiguity. The advantaze of sim- 


plicity may be lost if such methods are employed. 
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Sonsequently some frequency compromise will be 
required which will tive 2 sufficient number of 
"on heizht" points without introducine excessive 
ambiguity. The intended application, including 
reyuired accuracy and flight path, will dictate 
foo ChnoLce. 

Oscillator design should be tne next consid- 
eration. The primary feature should be closely 
spaced frequency contours on the tieke dlacgram so 
tat the oscillator can be pulled readily. Ad- 
justable coupling to the load is a good method of 
weerevine flexibility at this stage, Since the 
Gempling 1S important in determiring the spacing 
of the frequency contours. The power output of 
eeewoscillator should be fairly constant for a 
wade range of loads to permit more efficient 
Operation, although this characteristic is not 
critical. Loose coupling to the indicating 
equipment should be provided so that the oscil- 
lator will not be loaded from this direction. 

Having designed an oscillator wnich can be 
pulled by an amount suitable for discrimination, 
with fairly constant power output at hizh values 


of Vavi, the antenna and installation may be 





considered. The f@esirable features of this are 
zood directivity in the cownward direction and a 
VSWR at the operating frequency of the order of 
O.7 or better. The latter may have to be reduced 


ine oscriliator’s bullin=e slope, 3 eS OC 
osc 


small. The entire system will operate more 
efficiently if the VSWR is kept hish. 

The feeder, which is the most flexible item 
from a desizner's point of view, is determined 
last. The fractional half wave length portion of 
feeder is that length needed for matchings the 
moreenia and OSCillator admittances at the desired 
frequency. The integral number of half wave 
lengths of feeder are determined by the limiting 
Tensth for stable oscillation without splitting. 
How closely this unstable limit is approached will 
depend upon the need for magnifying the antenna 
admittance changes over ground to oull the oscil- 
letor adequately. In most cases the maximum 
allowable feeder effect will be desirakle. If 
installation limitations dictate a very short 
feeder, the 2zuzmentings of this by 2 suitable phase 
Shifting lumped parameter network at the appro- 


priate frequency may be considered. For 





Simplicity and reliability it misht be more sat- 
mot 4aclory tor Install “seme vhysiea lly eedumdany 
eable if possible. 

The final required component would be the 
discriminatinz-indicating device. A prime require- 
ment would be a low input power req ilrement, per- 
mitting loose coupling to the oscillator. The 
probable desired discriminator characteristic 
would be zero output for center frequency operation 

mene OScillator with a positive D.c. output 
feenertional to frequency deviations in one sense 
and a negative D.C. output proportional to fre- 
O@m@crey deviations in the opposite sense. Being 
determined by the oscillator frequency, the dis- 
criminator's output would therefore be analosous 
Wemtme vehicle's heizht condition. Any of the 
discriminators commonly employed in radar appli- 
Gemions maght be considered. The choice of 
fe=enant cavity methods of frequency comparison 
aopii Pound discriminators or tuned lumped circuit 
comparison as in Weiss discriminators may be 
dictated by the operatint frequency selected. The 
design and testing of a suitable ciscriminator were 


not within the intended scope of this thesis. 


WM! 
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JON TEV SICNS 


If the radio frequency energy of an oscill&Stor 
is radiated from an antenna and directed tow .rd 
a reflecting surface, it his been shown that the 
oscillator's frequency may be related to the dis- 
tance between the anteina ind the surface; pro- 
viding that distance is not too great. "This is 
the most important result of these investigations. 
The relationship observed is 2 periodic variation 
of frequency with height zbout a center tuned 
frequency. Zero deviation from the center fre- 
quency occurs at quarter wave lLensth height inter- 
vals above ground and the maznitude of the devia- 
tion decreases with increasing heieht. The center 
frequency is approached asymptotically, but the 
effect is expected to be of little use anrove the 
Wet sht range tested. It has been established 
experimentally that the above result, held ini- 
tHally to be theoretically possible, is a primary 
effect when the distance iavolved is small enouzch 
for significant antenna admittance cnanzes to 
ecour. 


In establishing this result it has been 





observed that teriodic chanses in the real and 
imacsinary G@artS O1 antenna@ednittance take place 
as a function of separation between the antenna 
and 2 reflectiny surface. The quality and 
Character of reflection has been shown to be non- 
@eevree | for this’ effect, drovidins sutiticient 
~eresy is returned to the antenna. That is, the 
nature of the function relating admittance to 
height appears relatively indeyendent ot the 
reflectins surface. \ direct correspondence was 
Oecer yea between the heifht-frejuency relation of 
the first conclusion onc the imaginary (susceptive) 
part of the height-aduittance relation when 
Meeerred to the oScilliator teeminals. 

mae ©ec¢der Cable employed in connecting the 
oscillator and antenna may be used as a phase 
Shatting device, effectively magnifying any phase 
Chanzes occurrinz at the antenia. This effect is 
dependent on the lensth of cable ana on the admit- 
tance match acnieved betveen the antenaa and 
Cecil lator. 

An oscillator delivering enerzy to a lo=d has 
its freyuency inc »sower output pirtially determiued 


by that lo:d Cincli.dinty the means of covplin:), as 
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ead” eo ni bie OS 2 LI Bir Ol Culs, Parinieiers> 
themselves. This effect, estiblisned at the 
outset cy theoreticszl considaqeritiuvns, has Leen 
snown experiment@liy to ve of pr&ctichl valve in 
Obtainin= 42 predictivle relationship between 


antenna admittance and oscillator freyuensy. 
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APPENDIX I 
INPUT ADVITTANCE OF THE HALF WAVES DIPOLE 
OVER A PLANE REFLSOTING SURFACE 


The antenna and reflecting surface may, as 
explained in the body of the report, be considered 
aS an antenna and its image in free space. such 
a system is 2 two-port network in which the feed 
point of the antenna is port 1 and the feed point 
of the image is port 2. The tneory of linear 


two-ports may be applied (Ref. 5): 


e, = 24,1, + Zyoin (3) 
2 omer) eee (4) 
en eee (>) 
area * p22 (6) 


The subscripts 1 and 2 refer to the respective 
ports. In this case of passive elements, 
meeuprocity applies siving 

22) eee aD = S20 (7) 
The requirement for zero tangential electric 
vector at the reflecting surface is met if 





and 


0 = Bic (9) 
Under these conditions (3) and (5) may be solved 
to obtain the input admittance and ixnpedance of 


the antennas 


=a 

ey eae Ce en ae 
14 

: = J11 = Y1°2 Cia 


The mutual impeaance coefficient, Zy9% has been 
calculated (Refs. 6 and 7) for various separations 
of antenna and image up to three wave lengths. 
The calculations are made on the assumption of 
Sinusoidal current distribution, which is valid 
for infinitely thin half wave antennas, in which 
Seconda and higher order mutual effects do not 
OeCur » 

The self impedance coefficient, Zi is the 


asia & Of Zo as the separation tends to zero, so 


that the input impedance, z, is zero with the 
antenna on the ground. The value of 244 is 
75.5 + j4e2.2 ohms. 

To obtain Yy0 from Zyos the linear two-port 


equations (3) through (6) may be combined to sive: 


2 4 
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Sista ate ea (12) 
Cee a ee 


Y12 = 
In this case since Zo, = 210 DY “reciprocity, and 
Zon = 244 by symmetry: 
Y12 2 a, 
alah a 


Orein terms of real and imaginary components: 


en ole 
Pyo(Py tXp5o -Tyo -%, ) + Xp e7]X-eTy eX) 5) 14) 


cg os ae 
(Pr) +Xpo “Typ “Xp ) + C24] X)-2P] 4X) o) 


2 2 2 Pe? 

ee oie a) a) a (15) 
= oO ; 

(Tr) °+X1 5 “Typ “Xz 0 + Cer) x, - 27) 5% 9) 

Mane reciprocal of Zo4 taken directly yields Sane 


the self impedance of this ideal antenna, as 
10.25-j5.90 millimhos. 

Values of input admittance, y, were calcu- 
ijyec according to equations (11), (14), and (15) 
from the values of mutual impedance obtained from 
the literature to which reference has been made. 
The range of heights considered began at 0.15 A 
Since experimental measurements were not made 
below that height. At lower heights the antenna 


tneories applied become less valid because of 


1? 





A 


if 
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the increasing importance of radial field com- 
ponents. These vary as the inverse square of 
distance from the antenna and are therefore 
usually ignored beyond distances of the order of 
one-fourth wave length. The transverse radiation 
fields on which antenna theory is developed vary 
inversely with distance and are predominant at 
distances greater than about one-sixth of 4 wave 
length. Mutual impedances for heights greater 
than 1.5 wave lengths were not obtained. Itis 
felt that this range of heights is sufficient to 
Show the nature of the theoretical admittance- 
height relationship. The results of these 
computations of input admittance are presented 


as Fig. 2. 











Ape isi tet 
THE EFFECT OF LOAD ON OSCILLATOR FREQUENCY 


The oscillator with coupled load may be 
regarded as a simple RLC parallel resonating cir- 
cuit with a load, having resistive and reactive 
components, connected across ite The resonating 
circuit represents the more complicated combi- 
nation of components producing resonant oscil- 
lations in the tuned line push-pull oscillator 
with artificially introduced feedback used in 
these tests. The load in this case is the egquiv- 
alent of the varying complex impedance of the 
antenna, the phase shift and attenuation of the 
feeder cable, and the coupling capacitor used to 
connect the load to the oscillating circuit. 

Thus the reactive component of load will consist 
of capacitance and may have inductance as well, 
depending upon the chosen line length, height 

of the antenna above ground, and the frequency of 
oscillation. Fig. 26a is a diagram of the 
arrangement described. Fig. 26b is the equivalent 


combination of parallel load components. The 


R 
reactive branch of the load, Xr E + "|. is 
maf 


ot 








ul 


a 








seen in Fig. 26b to form, with the L ana C 

branches, a third frequency dependent branch of 
the resonator. MThus the oscillating frequency 
depends on the values of all the components of 


the load, both resistive and reactive. The 


X- 
equivalent load resistance, a. (= ‘|. also 
L 


depends on all the components of the load. There- 
fore the power output which depends on the 
resistive part of the equivalent load, is deter- 
mined by the particular combination of load and 
coupling chosen. 

In the case of a high frequency oscillator, 
where many different load variables affect the 
power output and frequency, it 18S useful and con- 
rent to depict the output characteristics of 
the oscillator in the form of a Rieke diagram for 
representative conditions of the controllable 
load variables. This approach permits the logical 
separation of the effects of controlled and uncon- 
trolled load conditions. The latter are allowed 
to vary over their entire range for each diagram 
which represents a fixed setting of the controlled 


conditions, such as coupling, line length, and 





4 








ao 


setting of tuning controls. 

The Rieke diagram consists of lines or con- 
tours of constant frequency and of constant power 
output as functions of load, usually drawn on 
Smith chart coordinates. The desirable feature 
is that such contours be without intersections 
so that continuous changes of load will produce 
continuous changes of frequency. In order for 
each value of complex load to permit oscillation 
at a Single frequency, the total susceptance of 
the equivalent circuit of Fig. 26b must be zero 
at only one frequency for each value of load 
conductance and susceptance imposed. The sus-— 


ceptance of the entire equivalent load branch is 


Ryd} x 4 RL os 
, f + hy? L L 

women iS proportional to X,, times a positive 
number, and so must pass from negative to positive 
values through resonance with increasing frequency. 
The oscillator branches IL and C combine in 
parallel to produce a net susceptance passing from 
poSitive to negative values throush resonance. If 
the oscillator and load susceptances combined are 


to be zero at a single resonant frequency, the 


it) 
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load susceptance must be kept relatively small 

in the neighborhood of resonance, whether or not 
their separate resonant frequencies are exactly 
identical. Inspection of (16) indicates that 
this will be the case if Ry, is kept sufficiently 
large and tne coupling and reactive components 

of the load are sufficiently small. The magni- 
tudes which are sufficient depend on the sharpness 
Gre Sesconance of the oscillator tuned circuit. 
Critical combinations of the load parameters 
which would result in large contributions of load 
susceptance at frequencies just off oscillator 


resonance must be avoided. 
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APPeNDIAy IIT 


OSTILLATO2 DESIGN CALCULATIONS 


1. Anode Lines 
a. Length and tuning 
Specified output capacity of tube: 1.6 pf. 

For zero adjustable capacitance added, a 
frequency of 215 megacycles results in capac- 
itive reactance of 463 ohms. The corresponding 
line length to resonate with this by producing 
an equal inductive reactance depends on the 
short-circuited transmission line formula: 


= 12 = ee tan ewl alge) 


x L O » 


L 
The characteristic impedance of the intended 
rectangular cross section transmission lines 
of depth to spacing ratio of unity was deter- 
mined from published transmission line data 
Home 150,0nms.- Solving (17) for lat 
resonance at 215 mezacycles gave 

1 = 90F2o/ meters. (1) 

De. tuge tor a lower Prequency 1 twa 

arranged to introduce a parallel capacitive 
disc with a circular area one-half inch in 


diameter and minimum practical spacing from 





the opposite conductor of 5 inen. SFor 
dimensions in inches: 


be 
9 


C= .224 > x 107 (20) 


or &@ maximum adjustable capacitance of 1.4 pf. 
The 26.7 centimeter line has a reactance 
of 292 ohms at 181 megacycles by (17). Since 
the total capacitance of 3.0 pf. has an equal 
and opposite reactance at this frequency, 181 
megacycles is the lowest tunable frequency 
for this line and capacitor combination. 
b. Quality factor Q 


The quality factor is given by (Ref. 8) 


qe (21) 


where Q*¥ ss R in tnis case being resistance 
O 


per unit length of line. Taking the material 
to be copper and a depth of ; inch in the 
formula for resistance 


L 
a, 


- L| Tia (22) 


Rourface 


gives R = 0.532 ohms per meter and Q = 1295 


in (21) at 200 megacycles. 





weer a. lanes 
a. Length and tuning 
Specified input capacity of tube: 4.4 pf. 
ith line of depth % inch and depth to 

SUSCIms ratio OT LO0s>, -lubla shed poate ccives 
ae 250 ohms. Such a short circuited line 
will resonate at 215 megacycles with the 
epcoified input capacitance if, by (L/jgmat 
is 15.5 centimeters long. 

An adjustable circular disc capacitor 
Similar to that in part 1 will give a maxi- 
mum total capacitance on the tube input side 
of 5.8 pf. The corresponding resonant fre- 
quency for a 15.5 centimeter line is 189 
megacycles, giving the tuning range of the 
grid lines as 189 to 215 megacycles. 
be. Quality factor Q 

By (22) R for the grid lines is 0.291 
ohms per meter. By (21) the corresponding Q 
1S 5590 at 200 megacycles. 
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APPENDIX IV 
FEEDER LENGTH CALCULATIONS 


As an illustration, the calculation pro- 
cedure for positive pulling slope operation at 
212.5 megacycles is explained. MThe reciprocal 
rate of change of phase on the cable with fre- 
quency is inversely proportional to cable length. 


From (2): 


“a Scable 
= —SCt—“nW (23) 
agp line emt] 


This quantity must be at least as large as the 
corresponding rate of change of frequency of the 
oscillator with load phase presented, to allow 
Stable oscillator operation as discussed under 
Theory. The measured oscillator pulling rate 


from Fig. 18 is 2.3 megacycles per radian. 


Therefore: 
Ccable 
es eae (24) 
4,.6TWx 10 
Since 
[ES onkie ~ Sair ? (25) 


for Uniradio 67 cable c = 1.98 x 16" meters per 


seeona., he damitimng lencti ie, by (24)2 1567 
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meters. Within this length, an integral number 
of half wave lengths plus a fractional half wave 
lensth sufficient to match antenna and oscillator 
load impedance must be included. 

As a4 practical consideration, a length of 
adjustable air line was also included to permit 
precise adjustment of the antenna-oscillator 
match. The cable was actually cut to 30 feet 
(9.16 meters) to permit tests at other, less 
stable, oscillator operating conditions, and to 
provide a conservative margin of design flexi- 


Pileeuy at the desired operating point. 














TABLE I 


Antenna Admittance in Free Space 


Date of Test: th December 1961] 
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Note: Measurements are referred to antenna panel 
connector. 
Corrections applied "toward load” to obtain 
reference to antenna tap point. 
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TABLE II. 


Oscillator Rieke Diagram 
Date of Test: 28th January 1962. 





Center Frequency: 207 megacycles 
Anode Voltage: 120 V. Coupling: Medium (One turn) 
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TABLE ITI 


Oscillator Rieke Diagram 
Date of Test: th February 1962 
Center Frequency: 210 megacycles. Anode Voltage: 120 V. 


(1) Loose Coupling 
line 
extension 
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TABLE III (Cont.) 
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(44) Medium Coupling | 
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TABLE IV 


ami 


Oscillator Rieke Di 


Ce 


14th Feb: i 


Date of Test: 


2l2.5 megacycles 


120 V. Coupling Medium: (One turn) 


length} extension power G E 


Center Frequency: 


Anode Voltage: 
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TABLE V 


Antenna Admittance over Ground 


Date of Test: end March 1962 


Generator Frequency: 212.5 megacycles 


@ e @ @ ® * e e 


0.18 
0.25 
0.29 
0.34 
0.40 
0.45 
0.50 
0.56 
0.61 
0.66 
0.72 
0.77 
0.83 
0.88 
0.94 
0.99 
1.04 
1.10 
1.15 
1.20 
1.26 
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Note: Admittances are referred to oscillator output terminals 
for 212.5 megacycles operation. 





TABLE VI 


System Performance - Frequency as a Function of Height 





Date of: Test i, Normal Operation, 2nd March 1962 
Test 2, Half Power, 22nd March 1962 
Test 5, Negative Slope, 6th March 1962 
Test 4, Disruptive Surface, 12th March 1962 


£ r f 


h f ! 
inches 
j 210.74 


ne/s me/s ne/s 
13 - 210.48 
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212.31 213.19 
212.43 213.23 


212.52 
212.60 
212.64 
212.60 
212.52 
212.48 
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TABLE VII 
Center Frequency Heights and Errors 


Date of Test: 2nd March 1962 


frequency reent | inches || frequency “=e 
increasing | ¥© ~ {|decreasing | Percen ee 
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Notes; Errors were determined relative to heights derived 
from an expected height increment of 0.5, 27.8 
inches at center frequency 212.5 megacycles per 
second. 
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Figure 6 
Oscillator Schematic 
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Figure II 


Antenna and Suspension Rig 
as Viewed from the Ground 
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|"™* Line Oscillator Rieke Diagram 
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